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(54) Fuel Injector 

(57) A fuel injector comprising a valve needle (10) 
sHdabie within a first bore (11 ), a surface associated with 
the valve needle (10) being exposed to the fuel pressure 
within a first control chamber (20) and movement of the 
valve needle (10) away from the valve needle seating 
being limited by a nnoveable stop member ( 1 9). The stop 
member (19) has a surface exposed to fuel pressure 
within a second control chamber (23). The fuel injector 
also includes a control valve arrangement (29, 35) for 
controlling the fuel pressure within the tirst and second 
control chambers (20, 23) to control movement of the 
valve needle (10) and the stop member (19). The inven- 
tion also relates to a fuel injector in which the control 
va/ve an*angement Is arranged to permit the rate of valve 
needle movement away from the valve needle seating 
to be varied, in use. 
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Description 

[0001] This invention relates to a fuel injector for use 
in delivering fuel under pressure to a combustion space 
of an internal combustion engine. The invention relates, 
in particular, to a fuel injector suitable for use in a com- 
mon rail fuel system for delivering fuel to a compression 
Ignition internal combustion engine, the Injector being of 
the type In which the distance through which the injector 
needle moves during an injection cycle is controlled. 
[0002] it Is known to use two- or multi-stage lift fuel 
injectors to permit the rate at which fuel is delivered or 
the fuel spray pattern to be varied, in use. This may be 
achieved, for example, by locating an inner needle with- 
in a bore formed in an outer needle, the inner needle 
being arranged to remain seated when the outer needle 
is moved by a small distance, moving away from its seat- 
ing when the outer needle is moved by a larger distance, 
in such an an'angement, injection of fuel may occur, for 
example, through a few outlet openings upon the initial 
small, movement of the outer needie and through a 
greater number of openings following the subsequent 
movement of the outer and. inner needles. As a result, 
the injection rate and spray pattern may be varied, in 
use. Other injection parameters may also be controlled 
or varied using this technique. It will be appreciated, 
however, that other techniques for controlling the varf^ 
ous injection parameters by controlling the distance 
moved by a valve needle are known. 
[0003] The distance through which the valve needle 
is moved is typically controlled by controlling the ener- 
gization level, and hence axial length, of a piezoelectric 
stack. Such an actuation technique is thought to be un- 
desirabie as piezoelectric staci^s of dimensions suitable 
for use in such applications are relatively expensive and 
are difficult to control. It is an object of the invention to 
provide a fuel injector in which the distance moved by a 
valve needle thereof can be controlled and in which the 
disadvantages mentioned hereinbefore are obviated or 
mitigated. 

[0004] According to the present invention there is pro- 
vided a fuel injector comprising a vajvie needie slidable 
within a bore, a surface associated with the needle being 
exposed to the fuel presisure within a first control cham- 
ber, movement of the needle away from a seating being 
limited by a moveable stop member, the stop member 
having a surface exposed to the fuel pressure within a 
second control chamber, and a valve arrangement con- 
trolling the fuel pressures within the first and second 
control chamber to control the positbns of the needle 
and the moveable stop member. 
[0005] By appropriately controlling the fuel pressures 
applied to the first and second control chambers, the 
valve needle can be held in either a closed position, an 
intermediate position or a fully lifted position. Depending 
upon the nature of the valve needie and any additiorial 
. needle, sleeve or adjustment member associated with 
the valve needle, such control of the position of the valve 



needle may be used to control the fuel injection rate, 
spray pattern or other Injection parameters. 
[0006]. The valve arrangement conveniently includes 
a comrrion actuator arranged to control operation of a 

5 first valve associated with the first control chamber and 
a second valve associated with the second control 
chamber. The actuator may, for example, comprise an 
electromagnetic actuator or a piezoelectric stack. It will 
be appreciated, however, that the first and second 

10 valves may be controlled by respective actuators. 
[0007] Conveniently, the fuel injector Includes a con- 
trol valve arrangement including a valve member having 
first and second seating surfaces. The first seating sur- 
face may be defined by a seating member located within 

IS a further chamber. The further chamber may be defined, 
at least In part, by a bore within which the valve member 
is slidable. The second seating surface may be defined 
. by a region of the bore. 

[0008] The control valve arrangement may be ar- 
20 ranged such that fuel pressure within the first and sec- 
ond control chambers, can be controlled by varying the 
rate of movement of the valve member away from the 

first seating surface. 

[0009] Preferably, the control valve arrangement may 

25 be arranged such that, in use, movement of the valve 
member at a relatively high rate causes movement of 
the valve needle away from the valve needle seating into 
a first fuel injecting position to permit luel delivery 
through a first outlet opening. 

30 [001 0] Preferably, the control valve anrangement may 
be arranged such that movement of the valve member 
at a relatively low rate causes movement of the valve 
needle away from the valve needle seating into a sec- 
ond fuel injecting position to permit fuel delivery through 

35 the first outlet opening and a second outlet opening. 
[0011] Alternatively, or in addition, the control valve 
arrangement may be arranged such that movement of 
the valve member back and forth between the first and 
second seating surfaces causes movement of the valve 

^ needle into the second fuel injecting position. 

[0012] Alternatively, or in addition, the control valve 
arrangement may be anranged such that movement of 
the valve member into an intermediate position away 
from both the first and second seating surfaces penmits 

^ movement of the valve needle into the second fuel in- 
jecting position . 

[0013] The control valve an-angement may be ar- 
ranged to permit the rate of valve needle movement 
away from the valve needle seating to be varied, in use. 
so [001 4] The fuel injector may be of the inwardly open- 
ing type. 

[001 5] The valve needle may take the form of an outer 
valve needle which is engageable with a seating to con- 
trol fuel delivery through a first outlet opening, the fuel 
ss injector including an in ner valve needle which is slidable 
within an additional bore provided in the outer valve nee- 
dle and is engageable with a "further seating to control 
fuel delivery through a second oudet opening. The inner 
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valve needle and me outer valve needle may be ar- 
ranged such that movement of the outer valve needle 
tieyond a predetermined amount transmits moveme;nt 
to the inner valve needle to move the inner valve needle 
away from the further seating. s 
[0016] Alternatively, the valve needle may be of the 
outwardly opening type, in which case the vaJve needle 
may be provided with first and second axiaily spaced 
outlet passages and whereby, in use, movement of the 
valve needle outwardly within the first bore by a first 
amount causes fuel to be delivered through only the first 
outlet passage and movement of the valve needle out- 
wardly within the first bore by a further amount causes 
fuel to be delivered through both the first and second 
outlet passages. '5 
[0017] The movement of the valve member may be 
controlled, In use, by means of an electromagnetic ac- 
tuator arrangement or by means of a piezoelectric ac- 
tuator arrangement. 

[0018] According to a second aspect of the present 2d 
invention, there is provided a fuel injector comprising a 
valve needle slldabie with'm a ffrst bore and engageab/e 
with a vaive needle seating to control fuel delivery 
through an outlet opening, a surface associated with the 
valve needle being exposed to the fuel pressure within 25 
a control chamber, and a control valve arrangement for- 
controlling the fuel pressure within the control chamtier 
to control moyement of the valve needle, the control 
valve arrangement being arranged to permit the rate of 
valve needle movement away from the valve needle 30 
seating to be varied, in use. 

[0019] As the rate of valve needle movement can be 
varied, in use, the rate of increase of fuel delivery can 
be varied. 

[0020] Preferably, the control chamber may have, as- 35 
sociated therewith, first and second passage means for 
permitting fuel to escape f ram the control chamber. 
[0021] Conveniently, the control valve arrangement 
may be an^anged to operate in either a first mode of op- 
eration, in which the rate of valve needle nrovement 40 
away from the valve needle seating is governed by the 
dimensions of tfie first passage means, or a second 
mode of operation, in which the rate of valve needle 
movement away from the valve needle seating is gov- 
erned by the dimensions of the second passage means. ^ 
[0022] The valve needle in accordance with this em- 
bodiment of the invention may be of the inwardly or out- 
wardly opening type. 

[0023] It will be appreciated that the fuel injector of the 
present invention may include a plurality of first and sec- 5o 
end outlet openings. 

[0024] According to a further aspect of the invention, 
there is provided a fuel injector an^angement comprising 
a plurality of fuel injectors as described herein, a first rail 
for delivering pressurised fuel to the injectors, a second 55 
rail communicating with the second control chamber of 
each of the injectors and a valve arrangement for con- 
trolling communication between the second rail and a 



low pressure fuel reservoir. 

[0025] The invention will further be described, by way 
of example, with reference to the accompanying draw- 
ings, in which: 

Ftgure 1 is a view, partly in cross-section, of a fuel 
injector in accordance with an embodiment of the 

invention; 

Rgure 2 is an enlarged view of part of Figure 1 ; 

Rgures 3 and 4 are views similar to Frgures 1 and 
2 illustrating an altematlve embodiment; 

Figure 5 is a view similar to Rgures 1 and 3 illus- 
trating a further alternative embodiment; 

Figure 6 is a schematic view illustrating a further 
embodiment; 

Figure 7 is a cross-sectional view of a fuel injector 
in accorelance with another embodiment of the in- 
vention; 

Rgure 8 is an enlarged cross-sectbnal view of a 
part of the fuel injector in Rgure 7; 

Rgures 9, 11 and 13 are cross-sectional views of 
further alternative embodiments; and 

Rgures 10, 12 and 1 4 are cross-sectionai views of 
a part of the fuel injectors shown in Figures 9, 11 
and 13 respectively. 

[0026] Rgures 1 and 2 illustrate a common rail fuel 
injector which comprises a valve needle 10 slidafale 
within a bore 11 formed in a nozzle body 12. The needle 
10 and hare 11 togettier define a delivery chamber 13 
which is located Immediately upstream of a seating sur- 
face with which the needle 10 is engageable to control 
the supply of fuel from the dePivery chamber 13 to a first 
set of outlet openings 8 located immediately down- 
stream of the line of engagement between the needle 
10 and seating surface. The needle 10 is provided with 
a blind bore within which an inner needle 14 is slidable. 
The inner needle 14 is held captive within the blind bore 
and is arranged such that upon movement of the needle 
1 0 away from the seating surface by a small distance, 
the inner needle 14 remains in engagement with the 
seating surface, preventing fuel from flowing to a second 
set of outlet openings 9, movement of the valve needle 
10 by a further distance causing the inner valve needle 
14 to lift away from the seating surface thus permitting 
fuel delivery through the second set of outlet openings 
9. It will be appreciated that by controlling the distance 
through which the valve needle 10 is lifted away from 
the seating surface, the number of outlet openings 
through which fuel is delivered can be controlled, and 
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thus the injection rate; spray pattern ar other injection 
characteristics or parameters can be controlled. 
[0027] The bore 1 1 and delivery chamber 1 3 are sup- 
plied with fuel under high pressure, In use, through a 
-supply passage 15. The supply passage 15 is formed 
of drillings provided in various parts of the injector which 
will be described in further detail below. The supply pas- 
sage 1 5 Is shaped to include a restriction 1 6 of relatively 
small diameter which Is arranged to restrict the rate at 
which fuel is supplied to the bore 11 and delivery cham- 
ber 13. The supply passage 15 is arranged to be con- 
nected, in use, to a source of fuel under high pressure, 
for example a common rail charged with fuel to a high 
pressure by an appropriate high pressure luel pump. 
[00281* As illustrated most clearly in Rgure 2, the re- 
striction 16 is provided in a part of the supply passage 
15 which extends through a distance piece 17 an^anged 
to abut an end surface of the nozzle body 12. The dis- 
tance piece 1 7 is provided with an axially extending blind 
bore 1 8 into which an upper end region of the needle 1 0 
extends. A moveable stop member 19 is located within 
Che bore 18, the moveable stop member 19 being of pis- 
ton-like fit within the bore 18. The lower surface of the 
moveable stop member 19 defines, with the upper sur- 
face of the needle. 10, a first control chamber 20 which 
is supplied with fuel at a restricted rate from the supply 
passage 15 through a restriction 21. A spring 22 is lo- 
cated within the first control chamber 20, Itie spring 22 
being engaged between the needle 10 and the move- 
able stop member 19 to apply a biasing force to the nee- 
dle 10 urging the needle 10 into engagement with the 
seating surface. 

[0029] The upper surface of the moveable stop mem- 
ber 1 9 defines, with the bore 1 8, a second control cham- 
ber 23 within which an additional spring 24 is located, 
the spring 24 applying a downward biasing force to the 
moveable stop member 19. The spring 24 biases the 
moveable stop nnember 1 9 towards the posidon illustrat- 
ed in which the lower end surface of the moveable stop 
member 1 9 engages the upper end surface of the nozzle 
body 12. The lower end of the moveable stop member 
19 is provided with cross slots 25 arranged to ensure 
that when the moveable stop member , 19 occupies this 
position, fuel Is able to flow to or from the first control 
chamber 20. 

[0030] A drilling 26 of small diameter is provided in the 
distance piece 17 to provide a restricted flow path be- 
tween the supply passage 15 and the second control 
chamber 23. 

[0031] The end surface of the distance piece 17 re- 
mote from the nozzle body 12 abuts a valve housing 27 
whicti is provided with a through bore 28 within which a 
control valve member 29 is located. The valve member 
29 is shaped to include a reduced diameter region which 
defines, with the bore 28, a chamber which communi- 
cates with the first control chamber 20 through a pas- 
sage 30 provided in the valve housing 27 and a passage 
31 provided in the distance piece 17, the passage 31 



including a region 31a of small diameter. The valve 
member 29 Includes an enlarged diameter region which 
is engageable with a first seating surface 32 to control 
communication between the passage 30 and a chamber 
5 33 which communicates, in use, with a tow pressure fuel^ 
reservoir, it will be appreciated that when the valve 
member 29 engages the first seating surface 32, fuel Is 
not permitted to flow from the first control chamber 20 
to the low pressure reservoir. Thus, with the supply pas- 
sage 15 connected to a source of fuel under high pres- 
sure, the first control chamber 20 will be pressurized to 
a high level. Movement of the vah^e member 29 away 
from the first seating surface 32 permits fuel to escape 
from the first control chamber 20, the restricted commu- 
nication between the control chamber 20 and the supply 
passage 15 ensuring that fuel is only permitted to flow 
towards the first control chamber 20 at a low rate, and 
as a result, the fuel pressure within the first control 
chamber 20 falls. The valve member 29 is biased by 
means of a spring 34 towards the position illustrated in 
Rgures 1 and 2 in which the valve member 29 engages 
the first seating surface 32. 

[0032] Siidable upon part of the valve member 29 is 
a second valve member 35, the second vah/e member 
35 being a substantially piston-llkje fit upon the valve 
member 29. The second valve member 35 is biased by 
means of a spring 36 into engagement with a second 
seating surface 37 provided upon a seating member 38 
which rests, in a sealing manner, upon the distance 
piece 17. The seating member 38 is of annular form de- 
fining a central passage which communicates with a 
bore 39 provided in the distance piece 17, the bore 39 
communicating through passages provided in the dis- 
tance piece 17 and valve housing 27 with the chamber 
33, The distance piece 1 7 is provided with a drilling 40 
having a region 40a of smalt diameter which communi- 
cates with the second control chamber 23. A chamber 
41 is defined in the valve housing 27 such that; fuel is 
supplied from the drilling 40 towards the second seating 
surface 37. When the second valve member 35engagr 
es the second seating surface 37, fuel is unable to flow 
from the second control chamber 23 to the bore 39 and 
low pressure fuel reservoir and, as a result of the com- 
munication between the supply passage 1 5 and the sec- 
ond control chamber 23, the second control chamber 23 
willbeathigh pressure. When the second valve member 
35 is lifted away from the second seating surface 37, 
fuel is able to escape from the second control chamber 
23 to the bore 39, thus relieving the fuel pressure within 
so the second control chamber 23. 

[0033] Movement of the second vah^e member 35 is 
controlled by means of the valve member 29. As illus- 
trated in Rgure 2, the valve member 29 extends through 
an opening provided in the second valve member 35, a 
55 sleeve member 42 being secured to the valve member 
29 such that movement of the valve member 29 In an 
upward direction in the orientation illustrated beyond a 
predetennined distance results in the sleeve 42 moving 
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into engagement with the second valve member 35, fur- 
ther movement of the valve memtser 29 resulting in the 
second valve member 35 lifting away from the second 
seating surface 37. 

- [0034] Movement of the valve member 29 is control- 
led by means of an electromagnetic actuator 43 located 
within a nozzle holder 44 which abuts an upper end sur- 
face of the valve housing 27. The actuator 43 is ener- 
glzeable to attract an armature 45 which is secured to 
the valve member 29 to cause movement of the valve 
member 29 away from the first seadng surface 32. 
[0035] In use, with the supply passage 1 5 connected 
to a suitable source of fuel under high pressure, for ex- 
ample the common rail of a common rail fuel system 
which is charged to a suitably high pressure by an ap- 
propriate high pressure fuel pump, and with the actuator 
43 de-energized, the valve member 29 will occupy the 
position illustrated in which it engages the first seating 
surface 32, the second valve member 35 engaging the 
second seating surface 37. it will be appreciated, there- 
fore, that both the first and second control chambers 20, 
23 will be at high pressure, and the action of the fuel 

. under pressure in combination with the action of the 
springs 22, 24 will ensure that the valve needle 10 en- 

„. gages its seating. 
[0036] When injection is to occur, the actuator 43 is 
energized. Such energization will inrtlaify cause move- 
ment of the valve member 29 away from the first seating 
surface 32. As a result, fuel will escape firom Che first 
control chamber 20. The relative sizes of the restrictions 
21, 31a are such as to ensure that, under such condi- 
tions, the fuel pressure within the first control chamber 
20 falls, fuel flowing towards the first controi chamber 
20 at a rate lower than the rate at which fuel is able to 
escape from the first control chamber 20. The recfiictlon 
in the fuel pressure within the first control chamber 20 
reduces the net downward force applied to the needle 
10, and a point will be reached beyond which the fuel 
pressure within the delivery chamber 13 a,ct!ng upon ap- 
propriately orientated thrust surfaces of the needle 10 
wilt be sufficient to cause the needle 10 to lift away from 
the seating surface againstthe action of the residual fuel 
pressure within the first control chamber 20 and the ac- 
tion of the spring 22: Movement of the needle 10 wilt be 
limited by the upper end surface of the needle 1 0 moving 
into engagement with the moveable stop member 19, 
the needle 10 occupying an intermediate lift position. 
The distance through which the valve needle 10 moves 
is sufficiently small to ensure that the Inner valve needle 
14 remains in engagement with its seating, thus fuel in- 
jection occurs only through some of the outlet openings. 
[0037] As the fuel pressure within the second control 
chamber 23 is high and the effective area of the stop 
member 19 exposed to this pressure is large compared 
to that of the thmst surfaces of the needle 1 0, the needle 
1 0 is unable to cause movement of the stop member 1 9, 
thus the needle 10 does not move beyond the interme- 
diate lift position. 



[Q03S] As the valve member 29 continues to move to- 
wards the actuator 43, the sleeve 42 will move into en- 
gagement with the bwer surface of the second valve 
member 35, continued movement resulting In the sec- 
5 ond valve member 35 being lifted away from the second 
seating surface 37. As a result, fuel is able to flow from 
the second control chamber 23. The dimensions of the 
drilling 26 and restriction 403 are chosen to ensure that, 
under such conditions, the fuel pressure within the sec- 
10 ond control chamber 23 falls. The action of the fuel un- 
der pressure within the delivery chamber 13 is sufficient 
to cause the valve needle 10 to lift to a fully lifted posi- 
tion, lifting the moveable stop member 19 aigainst the 
action of the spring 24 and any residual fuel pressure 
within the second control chamber 23, the additional 
movement of the valve needle 10 being sufficient to 
cause the inner valve needle 14 to lift away from the 
seating surface, thereby permitting fuel delivery through 
a greater number of openings. It will be appreciated, 
therefore, that the injection rate, spray pattern or other 
injection parameters can be altered, irr use! 
[0039] As a result of the presence of the restriction 
16, during' fuel injection the fuel pressure within the de- 
livery chamber 13 will fall, and so the magnitude of the 
upward force acting upon the needle 10 during injection 
will be lower than, that present prior to the commence- 
ment of injection. 

[0040] in order to terminate injection, the actuator 43 
is de-energized, the valve member 29 returning to the 
position illustrated under the action of the spring 34. As 
a result, fuel flovy from both the first and second controi 
chambers 20, 23 will cease, and the fuel pressure within 
these chambers will increase as a result of their com- 
munication with the supply passage 1 5. As the effective 
area of the moveable stop member 19 exposed to the 
fuel pressure within the second control chamber 23 is- 
relatively large, pressurizatlon of the second control 
chamber 23 in conjunction with the action of the spring 
24 will result In rapid initlalmovementof the valve needle 
1 0 towards its seating. Once the moveable stop member 
19 has moved into engagement with the nozzle body 
12, further movement of the needle 10 under the action 
of the Increasing fuel pressure within the first control 
chamber 20 and the action of the spring 22, together 
^ with the Inertia of the needle 1 0, will result in rapid move- 
ment of the needle. 10 into engagement with the seating 
surface, thus terminating the delivery of fuel. As men- 
tioned hereinbefore, the fuel pressure within the delivery 
chamber 13 falls during injection, and as a result the 
50 response of the injector to the valve member 29 return- 
ing to the position illustrated is fast 
[0041] Although in the description hereinbefore, the 
valve member 29 is described as moving substantially 
continuously from the position illustrated to a fully lifted 
55 position, itwill be appreciated that by appropriate controi 
of the energization level of the actuator 43, the valve 
member 29 may be held in a position In which the sec- 
ond controi chamber 23 remains pressurized ihrough- 
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out the Injection cycle, the needle 10 only moving to the 
Intermediate position in which the inner valve needle 14 

. remains In engagement with the seating surface. Alter- 
natively, the valve member 29 may be moved rapidly to 

' its fully lifted position , the valve needle 1 0 moving almost 
Immediately to its fully lifted position rather than stop- 
ping temporarily at the intermediate position. 
[0042] The embodiment Illustrated in Figures 3 and 4 
is similar to that of Figures 1 and 2 and only the distinc- 
tions between the embodiments will be described in de- 
tail In the arrangement of Figures 3 and 4, the restriction 
16 is omitted. In order to ensure that the termination of 
injection occurs rapidly, the upper end of the valve nee- 
dle 1 0 is arranged to engage a piston 46 which is located 
within a piston housing 47 engaged between the nozzle 
body 12 and the distance piece 17. The piston 46 is of 
diameter greater than that of the needle 10, the upper 
end surface of the piston 46 being exposed to the fuel 
pressure within the first control chamber 20. As the pls- 
• ton 46 and valve needle 10 are of different diameters, a 
chamber 46 is defined therebetween, the volume of 
which varies depending upon the position of the needle 
10. The spring 22 is located within the chamber 48, the 
spring serving to urge the valve needle 12 against its 
seating, as described previously, in order to avoid the 
fomiation of a hydraulic lock, the chamber 46 is vented 
to the chamber 33 through a passage 49, the passage 
49 communicating with the chamber 46 by means of a 
recess 48a provided in thelowerendfaceofthe housing 
47. " 

[0043] Operation of the arrangement is as described 
hereinbefore with the exception that, during injection, 
the fuel pressure within the delivery chamber 13 does 
not fall significantly, rapid termination of injection occur- 
ring as a result of the effective area of the piston 46 ex- 
posed to the fuel pressure within the first control cham- 
ber 20 being large, and thus as the fuel pressure within 
the first control chamber 20 rises, the downward force 
applied to the needle 10 increases rapidly. Such a rapid 
increase results in rapid movement of the needle 1 0 into 
engagement with the seating surface, terminating fuel 
injection. 

[0044] Rgure 5 shows a further alternative embodi- 
ment of the invention In which fuel pressure within the 
first and second control chambers 20, 23 is controlled 
by means of two sepairate actuators 43a, 43b respec- 
■ lively. For clarity, the springs in the first and second con- 
trol chambers 20, 23 (e.g. 22 and 24 in Figure 2) are not 
illustrated in Rgure 5. The first electromagnetic actuator 
43a includes a valve member 29a which is slidabie with- 
in a bore provided In a valve housing 27a. The actuator 
43a includes an armature 45a which is secured to the 
valve member 29a. energisation of the actuator 43a at- 
tracting the armature 45a so as to cause movement of 
the valve member 29a away from its seating surface. 
This permits fuel within the first control chamber 20 to 
flow, via the passage 31 , past the valve member seating 
surface to low pressure. Fuel pressure within the second 



control chamber 23 Is controlled in a similar manner by 
controlling movement of a second valve member 2gb by 
means of the second actuator 43b. The second valve 
member 29b is moveable within a bore provided in a 

s further valve housing 27b, movement of the second 
valve member 29b away from its seating surface per- 
mitting fuel within the second control chamber 23 to flow 
through the passage 40b (shown in part), past the valve 
seating surface to low pressure so as to reduce fuel 

w pressure in the second control chamber 23. 

[0045] The Injector in Rgure 5 Is operated in a similar 
manner to the injector in Rgures 1 and 2. Thus, in order 
to move the vah/e needle 10 away from the seating sur- 
face to expose only some of the outlet openings, the first 

IS valve member 29a is moved away from its seating sur- 
face to cause fuel pressure within the first control cham- 
ber 20 to be reduced. The second valve member 29b 
remains seated against its seating surface such that fuel 
pressure within the second control chamber 23 remains 

20 high. Under such circumstances, upward movement of 
the valve needle 10 is limited by the upper end surface 
of the needle 10 moving into engagement with the stop 
member 19. The distance through which the valve nee- 
dle 1 0 moves is sufficiently small to ensure that the inner 

25 valve needle 14 remains in engagement with its seating, 
so that fuel injectioh only occurs through some of the 
outlet openings. 

[0046] In orderto cause further movement of the vatve 
needle 10, the second valve member 29b is moved 

30 away from its seating surface to permit fuel within the 
second control chamber 23 to flow. through the passage 
40b to low pressure. This causes a reduction in fuel 
pressure in the second control chamber 23 such that 
engagement between the upper end surface of a valve 

35 needle 10 and the stop member 19 causes the stop 
member 19 to move in an upward direction, the further 
movement of the valve needle 10 being sufficient to 
cause the inner valve needle 14 to lift away from the 
seating surface to permit fuel delivery through a greater 

40 number of openings. 

[0047] Termination of fuel injection can be achieved 
by de-energisation of the first and second actuators 43, 
43b to seat the first and second valve members 29a. 
29b respectively, thereby re-establishing high fuel pres- 
sure within the first and second control chaivbers 20, 23. 
[0046] In each of the embodiments described herein- 
before, the valve members 29, 29a, 29b are moved us- 
ing an electromagnetic actuator. It will be appreciated, 
however, that the valve members may be moved using 

50 a piezoelectric actuator arrangement. For example, the 
valve member 29 may be connected directly to a piezo- 
electric stack, the energization level of the piezoelectric 
stack controlling the position of the valve member 29 
and thus controlling the position occupied by the valve 

55 needle 1 0. Alternatively, a damping piston arrangement 
may be located between the valve rriember 29 and the 
piezoelectric stack to compensate for any small chang- 
es in the axial length of the piezoelectric stack resulting 
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from, for example, thermal expansion. The provision of 
such a piston may further result in the Injector operating 
in a failsafe manner, the valve member 29 eventually 
returning into engagement with the first seating surface 
32, tenminating fuel injectbn, even if the actuator be- 
comes jammed in a position In which it is of relatively 
smalt axial length. As the stack is used to control move- 
ment of the vah/e member 29, the valve member 29 
moving only through a small distance, in use, the stack 
can be of relatively small dimensions. 
[0049] The valve member 29 and second valve mem- 
. ber 35 are conveniently designed to be substantially fuel 
pressure balanced, thus the magnitude of the force 
which must be applied by the actuator, in use, is rela- 
tively small. ■ 

[0050] Rgure 6 illustrates, schematically, an alterna- 
tive arrangement in which fuel pressure within the sec- 
ond control chambers of a plurality of injectors is con- 
trolled in an ajtematlve way. In the arrangement of Rg- 
ure 6, a plurality of fuel injectors 50 are arranged with 
their supply passages connected to a first rail 51 which 
is pressurized to a suitably high pressure by an appro- 
priate high pressure fuel pump. Each injector 50 in- 
cludes a first control chamber which is arranged to re- 
ceive fuel from the supply passage, for example in the 
manner of the embodiments described hereinljefore. A 
suitable electromagneticaiiy actuated valve is an^ged 
to control communication between the control chamber 
and a bw pressure drain reservoir. 
[0051 ] Each injector further communicates with a sec- 
ond rail 52, the rail 52 communicating with the second 
control chamber (not illustrated) of each injector 50. The 
pressure of the second control chamber controls the po- 
sition occupied by a stop member, for example as de- 
scribed hereinbefore. An electromagneticaiiy or other- 
wise controlled valve 53 controls communication be- 
tween the second rail 52 and a low pressure fuel reser- 
voir. A restricted flow passage 54 provides communica- 
tion at a restricted rate between the first and second rails 
51.52. 

[0052] In use, with the valve 53 In the position illus- 
trated, the rail 52 is at high pressure, the rail 52 being 
pressurized from the rail 51 through the restricted pas- 
sage 54. It will be appreciated, therefore, that provided 
the etectromagnetlcaliy actuable valve of each injector 
60 is closed, both the first and second control chambers 
of each injector are at high pressure. Actuation of the 
electromagneticaiiy controlled valve of one of the Injec- 
tors will permit the fuel pressure within the first control 
chamber of that injector 50 to fail, thus permitting move- 
ment of the needle of that Injector by a small distance. 
As the fuel pressure within the second control chamber 
remains high, it will be appreciated that the valve needle 
is unable to move to a fully lifted positloa 
[0053] When the valve needle is to be moved to a fully 
lifted position, the valve 53 is energized to permit fuel to 
How from the second rail 52 to a low pressure reservoir, 
thereby permitting the fuel pressure within the second 



control chamber to fall and permitting movement of the 
moveable stop member. As a result, the valve needle Is 
able to lift away from the seating surface by a further 
amount 

5 [0054] The arrangement in Rgure 6 provides the ad- 
vantage that the need for the valve member 35 in Rg- 

ures 1 to 4, and the need for the valve member 29 and 
the actuator 43 in Figure 5, Is removed, flial pressure 
within the second control chamber being controlled by 
io means of the valve 53. This has a cost advantage, par- 
ttcularly for systems having a large number of engine 
cylinders. 

[0055] The operation of the valve 53 may occur suffl- 
. ciehtly early relative to the operation of the valves of 
IS each injector to ensure that the needle moves substan- 
tjaily continuously to its fully lifted position: Alternatively, 
the valve 53 may be controlled to hold the needle in its 
intermediate position. 

[0056] Referring to Figure 7, there is shown a further 
20 alternative embodiment of the invention in which like ref- 
erence numerals are used to denote similar parts to 
those shown in Rgures 1 to 5. As in Rgure 4, the injector 
includes a piston member 46 which is movable with the 
valve needle 12, a surface of the piston 46 being ex- 
25 posed to fuel pressure within the first control chamber 
20. At its end remote from the valve needle 1 2. the piston 
46 includes a projectlori 46a. The stop member 19 and 
the projection 46a of the piston 46 together define a 
clearance gap, g, which serves to limit the extent of 
30 movement of the valve needle 1 2 away from its seating, 
in use. 

[0057] The stop member 19 is provided with a blind 
bore 100 which defines a spring chamber housing a 
compression spring 1 02, one end of the spring 1 02 be- 
as ing in abutment with the blind end of the bore 100 and 
the other end of the spring 102 being in abutment with 
the blind end of the bore 18. The spring 102 applies a 
biasing force to the stop member 19 which serves to 
urge the stop member 19 in a downwards direction such 
40 that the lower end surface thereof abuts a seating de- 
fined by the upper end surface of the piston housing 47, 
(0058] The uppermost end of the bore within which 
the piston 46 is slidable, the lower surface of the stop 
member 19 and the upper surface of the piston 46 to- 
gether define the first control chamber 20 for fuel, the 
control chamber 20 communicating with the supply pas- 
sage 15 through the restricted passage 21. The control 
chamber 20 also communicates with the passage 31, 
the passage 31 including a region 31a of restricted di- 
50 ameterwhich serves to limit the rate atwhich fuel is able 
to escape from the first control chamber 20 through the 
passage 31 . 

[0059] The stop member 19 and the blind end of the 
bore 18 together define the second control chamber 23 
55 for fuel, the control chamber 23 communicating with the 
supply passage 1 5 by means of the inlet passage 26, 
the inlet passage 26 including a region 26a of restricted 
diameter which sen/es to limit the rate of fuel flow into 
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the control chamber 23. The control chamber 23 also 
communicates with the outlet passage 40 for fuel, the 
passage 40 including a region 40a of restricted diameter 
which serves to limit the rate at which fuel can escape 
from the second control chamber 23. 
[0060] The control valve arrangement 106 in Figures 
7 and 8 is different from that shown in Figures 1 to 5 and 
lakes the forni of a 3-way valve arrangement. The con- 
trol valve arrangement 106 includes a valve member 29 
which is slidable within the bore 28 provided in the valve 
housing 27. the valve member 52 including an end re- 
gion 29d of enlarged diameter which is engageable with' 
first and second seating surfaces 108, 110 respectively. 
The first seating surface 108 is defined by the seating 
member 38 located within the chamber 41 and the sec- 
ond seating surface 1 1 0 Is defined by the wall of the bore 
28. The seating member 38 forms a substantially fluid 
tight seal with the upper end surface of the distance 
piece 17, the chamber 41 communicating with the 
chamber 39 defined by a recess provided in the end face 
of the distance piece 17. As the chamber 39 is in com- 
munrcatlon with the tow pressure drain, when the valve 
member 29 is moved away from the first seating surface 
108, fuel within the first control chamber 20 is able to 
flow through the passage 31, past the first seating sur- 
face 108, into the chamber 39 and to low pressure: 
[D061] In use, with the supply passage 1 5 connected 
to a suitable source of fiiel under high pressure, and with 
the actuator de-^nergised, the valve member 29 occu- 
pies the position illustrated in Rgure 8 in which it engag- 
es the first seating surface 108. Fuel under high pres^ 
sure is delivered to the first and second control cham- 
bers 20, 23 through passages 21 , 26 respectively. Un- 
der these circumstances, high pressure fuel within the 
control chamber 23 acts on the stop member 1 9 to urge 
the stop member 19 into engagement with its seating 
defined by the upper end surface of the piston housing 
47. Additionally, fuel pressure within the first control 
chamber 20 acts on the upper surface of the piston 46 
and. in combination with the action of the spring 22, 
serves to urge the valve needle 1 2 into engagement with 
its seating. Thus, during this stage of. operation, as the 
valve needle 12 engages its seating, fuel within the de- 
livery chamber 13 is unable to flow through the first or 
second sets of outlet openings a, 9 into the engine cyl- 
inder or other combustion space. Fuel injection does not 
therefore take place. 

[0062] In order to commence fuel injection through the 
first set of outiet openings 8, the actuator arrangement 
is energised to cause movement of the valve member 
29 at a relatively high rate away from the first seating 
surface 108 and into engagement with the. second seat- 
ing surface 110. During this stage of operation, with the 
valve member 29 lifted away from the first seating sur- 
face 108. fuel within the first control chamber 20 Is able 
to escape through the passage 31 , past the first seating 
surface 108 into the chamber 39 and to the low pressure 
drain. Fuel pressure within the first control chamber 20 



Is therefore reduced. With the valve member 29 moved 
Into engagement with the second seating surface 110, 
fuel within the second control chamber 23 Is unable to 
flow past the seco nd seating surface 1 1 0 to low pressure 
5 such that fuel pressure wiUi In the second control cham- 
ber 23 remains high. 

[0083] As fuel pressure within the first control cham- 
ber 20 is reduced, the valve needle 12 and the piston 
46 are urged in an upwards direction, against the action 
10 of fuel pressure within the control chamber 20, due to 
fuel pressure within the delivery chamber 13 acting on 
the thrust surfaces 12a of the valve needle 12. Move- 
ment of the piston 46 and the valve needle 1 2 terminates 
when the projection 46a of the piston 46 engages the 

19 lower surface of the stop member 19 as high fuel pres- 
sure within the control chamber 23 maintains the stop 
member 19 in its seated position against the upper sur- 
face of the housing 47. As the valve needle 12 is only 
lifted through a relatively small distance, defined by the 

20 clearance gap, g, the step in the bore provided in the 
valve needle 12 does not move into engagement with 
(tie enlarged end region 14a of the inner valve needle 
14. The inner valve needle 1 4 therefore remains seated 
against its seating and fuel within the delivery chamber 

25 13 is unable to flow out through the second, lower set 
of outlet openings 9 into the engine cylinder. Thus, dur- 
ing this stage of operation, the valve needle 12 is lifted 
to a first fuel injecting position in which fuel injectiori only 
occurs through the first set of outlet openings 8. 

30 [0Q64] During initial movement of the valve member 
29 away from the first seating surface 108 it will be ap- 
preciated that some fuel within the second control cham- 
ber 23 is able to flow through the passage 40, past the 
second seating surface 110 and the first seating surface 

35 108 to the low pressure drain. However, as movement 
of the valve member 29 away from the first seating sur- 
face 108 is at a relatively high rate, and as the regions 
26a, 40a of die passages 26, 40 are of restricted diam- 
eter, fuel pressure within the second control chamber 

40 23 is substantially maintained such that tiie movable 
stop member 1 9 remai ns seated; moverhent of the outer 
valve needle 12 therefore being limited by engagement 
between tiie projection 46a and the tower surface of the 
stop member 19. 

^5 [0065] In order to terminate fuel injection through the 
first se^t of outlet openings 8, the valve member 29 is 
moved away from the second seating surface 110 into 
engagement with the first seating surface 108 such that 
communication between the first control chamber 20 

so and the low pressure drain is broken. As fuel is contin- 
uously supplied to the control chamber 20 through the 
passage 21 , high fuel pressure is re-established in the 
control chamber 20. The downward force on the piston 
46 and the valve needle 12 is therefore increased, such 

55 that the valve needle 1 2 is moved into engagement with 
its seating to terminate fuel delivery through the first set 
of outlet openings 8. 

[0066] Alternatively, if it is desired to Inject fuel 
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through both sets of outlet openings 8,9, the valve mem- 
ber 29 Is moved away from the first seating surface 1 08, 
into engagement with the second seating surface 110, 
at a relatively low rate. Under these circumstances, a 
sufficient amount of fuel is able to escape from the sec- 5 
ond control chamber 23, through the passage 40 to the 
low pressure drain to cause fuel pressure within the sec- 
ond control chamber 23 to be reduced. Additionally, as 
described previously, with the valve member 29 moved 
away from the first seating surface 108, fuel within the w 
first control chamber 20 is able to flow past the first seat- 
ing surface i 08 to the low pressure drai n, thereby caus- 
ing fuel pressure wittiln the first control chamber 20 to . 
be reduced. Fuel pressure within the delivery chamber 

1 3 acting on the thrust surfaces 1 2a of the valve needle is 
12 causes the valve needle 12 and the piston 46 to move 

]n an upwards direction such that the valve needle 12 
lifts away from its seating. Upon engagement of the pro- 
jection 46a of the piston 46 and the stop member 1 9. 
the stop member 1 9 is caused to move upwardly within 20 
the bore 1 8 against the force due to reduced fuel pres- 
sure within the second control chamber 23. Thus, the 
valve needle 12 is able to move away from Its seating 
by a further amount, movement of the valve needle 12 
terminating wheri the. upper end surface of the stop 2S 
member 19 engagers the blind end of the bore 18. 
[0067] During thisstage of operation, the valve needle - 
12 is lifted away from its seating by an amount which is 
sufficient to cause the step in the bore provided in the 
valve needle 12 to engage the enlarged end region 1 4a 30 
of the inner valve needle 14. Movement of the valve nee- 
dle 12 is therefore transmitted to the inner valve needle 

14 such that the inner valve needle 14 also lifts away 
from its seating to permit fuel within the delivery cham- 
ber 1 3 to How through the second set of outlet openings 3S 
9. Fuel injection therefore occurs, through both the first 
and second sets of outlet openings 8, 9, at an increased 
rate; it will therefore be appreciated that the fuel injec- 
tion rate, or other fuel injection characteristics can be 
varied, depending on the rate of movement of the valve ^ 
memter 29 away from the first seating surface 108. 
[0068] As described previously, in order to cease fuel 
injection following this stage of operation, the actuator 
arrangement is deenergised such that the valve mem- 
ber 29 moves away from the second seating surface 110 ^5 
into engagement with the first seating surface 108 to 
break communication between the first contnal chamber 

20 and the low pressure drain. Fuel pressure within the 
control chamber 20 therefore increases and the force 
acting on the piston 46 due to fuel pressure within the so 
control chamber 20, In combination with the force due 
to the spring 22, serves to urge the valve needle 12 in 
a downwards direction into engagement with its seating 
to terminate fuel miectlot). 

[0069] In an alternative mode of operation, in order to 55 
move the valve needle 12 to the second fuel injecting 
position in which both the valve needle 12 and the inner 
valve needle 14 are lifted away from their respective 



seattngs, the valve member 29 may be moved back and • 
forth between the first and second seating surfaces 108, 
110. Repeated movement of the valve member 29 be- 
tween the first and second seating surfaces 108, 110 
causes fuel pressure within both the first and second 
control chambers 20, 23 to be reduced such that, as the 
projection 46a engages the lower surface of the stop 
member 19, the stop member 19 moves upwardly within 
the bore 18. It will be appreciated that, in this mode of 
operation, the extent of valve needle movement is con- 
trolled by repeated movement of the valve member 29 
and is not determined by the rate of movement of the 
valve member 29. 

[0070], In a further alternative mode of operation, the 
valve member 29 may be operated such that it is main- 
tained in an intermediate position between the first and 
second seating surfaces 108, 110, thereby causing fuel 
pressure within both the first and second control cham- 
bers 20, 23 to be reduced. The valve needle 1 2 is there- 
fore able to lift into its second fuel injecting position in 
which the stop member 19 is moved upwardly within the 
bore 18 due to engagement between the proiectiar^ 46a 
of the piston 46 and the lower surface of the stop mem- 
ber 19. It Will therefore be appreciated that, using a com- 
bination of one or more of the. aforementioned modes of 
operation, the fuel injector can be operated so as to in- 
ject fuel through one or both sets of outlet openings 8,9, 
depending on the required fuel injection characteristics. 
[0071] In an alternative arrangement to that shown in 
Figures 7 and 8, the passage 21 may be removed, the 
first control chamber 20 being supplied with high pres- 
sure fuel through leakage between the housing 47 and 
the distance piece 17: 

[0072] Referring to Rgures 9 and 10, there is shown 
an alternative embodiment of the invention in which the 
vatve member 29 is operated by means of a ptezoeiec- 
tric actuator arrangement comprising a piezoelectric 
stack 112. The piezoelectrb stack 112 is housed within 
a chamber 1 1 4 defined within a housing 116 and has an 
associated end plate mertiber 118 which is secured or 
connected to the valve member 29. The piezoelectric 
stack 112 also includes a thermal expansion compen- 
sation element 120 located at its end remote from the 
end plate member 118. The member 120 has a higher 
coefiicient of thermal expansion than the piezoelectric 
material forming the stack 112 and serves to compen- 
sate for thennal expansion of the housing 116. Typically, 
the piezoelectric material may be lead zirconate titan- 
ate, the member 120 may be formed from aluminium 
and the housing 116 may be formed from steel. The en- 
ergisation level of the piezoelectric stack 112, and hence 
the axial length thereof, is controlled by applying an ap- 
propriate voltage across the stack 112, deenergisatlon 
of the piezoelectric stack 1 1 2 causing a decrease in the 
length of the stack 112 so as to cause movement of the 
valve member 29 away from the first seating surface 1 08 
into engagement with the second seating surface 110. 
[0073] The valve member 29 extends through, and is 
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movable with, a sleeve member 122, the sleeve mem- 
ber 1 22 being slidabie within an enlarged region 28b of 
me bore 28 provided In the valve housing 27. The region 
28b of the bore also defines a spring chamber 1 24 hous- 
ing a compression spring 126, the spring 126 being ar- 
ranged to urge the valve member 29 against the second 
seating surface 1 1 0. With the piezoelectric stack 11 2 en- 
ergised, the valve member 29 adopts a position in which 
it engages the first seating surface 108, deenergisatbn 
of the stack 1 1 2 causing movement of the valve member 
29 away from the first seating surface 108 into engage- 
ment with the second seating surface 110 under the ac- 
tion of the spring 126. The chamber 124 communicates 
with the low pressure drain, a seal member 1 28 being 
arranged within the region 28b of the bore to prevent 
fuel within the chamber 124 flowing Into the chamber 
114 and causing damage to the piezoelectric stack 112. 
[0074] In order to move the valve needle 1 2 by a first, 
relatively small amount into a first fuel injecting position 
in which fuel is delivered through only the first set of out- 
let openings 8, the piezoelectric stack 112 is deener- 
gised at a relatrvety high rate. The valve member 29 
therefore moves away from me first seating surface 108 
at a relatively high rate into engagement with the second 
seating surface 11 0. As described previously for the em- 
bodiment of the invention shown in Figures 7 and 8, 
such relatively rapid movement of the valve member 29 
causes fuel pressure within the first control chamber 20 
to be reduced, whilst substantially maintaining high fuel 
pressure within the second control chamber 23. The 
valve needle 12 is therefore moved away from its seat- 
ing into the first fuel injecting position in which fuel is 
only delivered through the first set of outlet openings 8, 
the inner valve needle 14 remaining seated against its 
seating to prevent fuel delivery through the second set 
of outlet openings 9. 

[0075] The embodiment of the Invention in Rgures 9 
and 10 may also be operated in any of the alternative 
modes of operation described previously, for example 
by varying the rate of movement of the valve member 
29, by repeatedly moving the valve member 29 back and 
forth between the first and second seating surfaces 108, 
110 or by maintaining the valve member 29 in an inter- 
mediate position between the first and second seating 
surfaces 108, 110 by partially deenergising the piezoe- 
lectric stack to an intermediate energisation level. It will 
be appreciated that, in order to terminate fuel injection, 
the piezoelectric stack 112 is energised to cause the 
valve member 29 to move into engagement with the first 
seating surface 108, thereby breaking communication 
between the first control chamber 20 and the low pres- 
sure drain. 

[0076] Referring to Rgures 11 and 12, there is shown 
an alternative embodiment of the invention in which the 
rate of movement of the valve needle 12 away from its 
seating can be controlled. In this embodiment^ the pas- 
sage 49 (only partially shown) in communication with the 
chamber 48 extends through the housings 47. 27 and 



communicates with the low pressure drain. The pas- 
sage 49 also communicates with one end of a further 
drilling 1 30 provided in the housing 47, the other end of 
the drilling 130 communicating with the chamber 41. 

5 The valve housing 27 is also provided with a restricted 
passage 132, one end of which communicates with the 
chamber 41 and the other end of which communk:ates 
with the passage 49 to permit fuel within the chamber 
41 to flow to low pressure. 

10 [0077] The compression spring 126 is arranged such 
that, when the piezoelectric stack 112 is de-energised, 
the valve member 29 is urged against the second seat- 
ing surface 110 to prevent fuel in the control chamber 
20 escaping to low pressure. Thus, with the piezoelec- 

15 trie stack 112 de-energlsed and with fuel under high 
pressure supplied to the contror chamber 20, fuel pres- 
sure within the control chamber 20 remams high and 
serves to urge the piston 46 and the valve needle 1 2 in 
a downwards direction such that the valve needle 1 2 re- 

20 mains seated against its seating. During this stage of 
operation, fuel injection does not take place. 
[0078] In order to move the valve needle 1 2 away from 
its seating at a relatively low rate, the piezoelectric stack 
11 2 is energised such that the valve member 29 moves 

25 away f rom tiie second seating surface 1 1 0 into engage^- 
ment with the first seating surface 108. Under these cir- 
cumstances, fuel within the control chamber 20 is able 
to flow through the passage 31 , past the second seating 
surface 110 and through the restricted passage 132 to 

30 the low pressure drain, thereby causing fuel pressure in 
the control chamber 20 to be reduced. Initial movement 
of the valve member 29 away from the second seating 
surface 110 is sufficient to reduce fuel pressure within 
the control chamber 20 to a sufficientiy low level that the 

35 piston 46 and the valve needle 12 are moved in an up- 
wards direction. Fuel within the delivery chamber 13 is 
therefore able to flow through the outlet openings 8, Fol- 
lowing initial injection, the rate at which valve needle 
movement occurs is controlled by the rate at which fuel 

40 can escape from the control chamber 20 to low pressure 
through the restricted passage 132 as, following en- 
gagement between the valve member 29 and the first 
seating surface 108, fuel can only escape to low pres- 
sure through the passage 132. As fuel can only escape 

45 through the restricted passage 132 at a relatively low 
rate, this gives rise to a relatively low rate of valve needle 
movement and, hence, a relatively low rate of increase 
of fuel injection through the outlet openings 8. 
[0079] In order to achieve a higher rate of opening of 

50 the valve needle, the valve member 29 may be moved 
away from the second seating surface 1 1 0 at a relatively 
low rate such that, upon initial movement of the valve 
member 29 away from the second seating surface 110, 
fuel is able to flow through the passage 31 , past the first 

55 seating surface 108 to low pressure for a period of rel- 
atively long duration before the valve member 29 en- 
gages the first seating surface 1 08. It will be appreciated 
Uiat due to the dimerisions of the restriction 31 a and the 
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restricted passage 132, valve needle movement at rel- 
atively high rates Is governed by the dimensions of the 
restriction 31a whereas the valve needle movement at 
relatively low rates is governed by the dimensions of the 
restricted passage 132. Thus, by varying the rate at 
which the valve member 29 Is moved between the seat- 
ing surfaces 108, 110, to change the mode of operation 
from one in which the rate of valve needle movement is 
governed by the dimensions of the restriction 31 a to one 
in which the rate of vaive needle movement is governed 
by the dimensions of the restricted passage 132« it is 
possible to achieve a variable injection rate. 
[0080] In an alternative mode of operation, in order to 
achieve valve needle movement at a relatively high rate 
the valve member 29 may be moved back and forth at 
a relatively high rate between the first and second seat- 
ing surfaces 108, 110, In a further alternative mode of 
operation, in order to achieve valve needle movement 
at a relatively high rate the valve member 29 may be 
controiled such that it maintains an intermediate position 
between the first and second seating surfaces 108, 110 
to permit fuel within the control chaniber 20 to Row to 
low pressure past both the second seating surface 110 
and the first seating surface 1 08. 
[0081] In order to terminate fuel injection, the valve 
member 29 is moved against the second seating sur- 
face 110 by de-energising the piezoelectric stack 112 
such that high fuel pressure within the control chamber 
20 is re-established. The piston 46 and the valve needle 
12 are therefore urged in a downwards direction such 
that the valve needle 12 engages its seating, breaking 
communication between the delivery chamber 13 and 
the outlet openings 8. 

[0082] It will be appreciated that the embodiment of 
the invention in Rgures 11 and 12 may be arranged to 
control movement of a vah/e needle of a two or multi 
stage lift injector by controiling movement of the valve 
member 29 such that the rate at which fuel is able to 
escape from the control chamber 20 is sufTiciently low 
to maintain the valve needle 12 in a first fuel injecting 
position for a sufficient period of time. 
[0083] Referring to Rgures 1 3 and 14, there is shown 
a further alternative embodiment of the invention in 
which the fuel injector lakes the form of an outwardly 
opening injector. Similar parts to those shown in Rgures 

I to 12 are denoted with like reference numerals and 
will not be described in further detail hereinafter. The 
valve needle 12 is moveable outwardly within the bam 

II and includes, at its lowermost end, a region 12b of 
enlarged diarneter which is engageabie with a seating 
to control the supply of fuel from the injector. The valve 
needle 12 is provided with a central bore 84 communi- 
cating, through a drilling 84a. with the bore 11 and with 
first and 5ecand outlet passages 86, 88 respectively, the 
first and second outlet passages being axially spaced 
on the valve needle 1 2. Only two outlet passages are 
shown at each axial position, but it will be appreciated 
that a different number of outlet passages may be pro- 



vided. 

[0084] The upper end of the valve needle 12 Is pro- 
vided with a screw thread formation (not shown) which 
engages a corresponding formation provided on the In- . 

5 terior of a first spring abutment member 90. The spring 
abutment member 90 takes the form of a cylindrical 
sleeve having an outer diameter slightly smaller than the 
diameter of the adjacent part of the bore 11. The bore 
11 defines a step 92 with which a second spring abut- 

10 ment member 94 engages. A compression spring 98 is 
located between the first and second spring abutment 
members 90, 94 to bias the valve needle 12 in an up- 
wanJs direction and therefore to bias the enlarged i^e- 
gion 12b of the valve needle 12 into engagement with 

15 its seating. 

[0085] The upper end of the valve needle 1 2 engages 
a lower end of a thrust member 98, the other end of the 
thrust member 98 engaging the stop member 19. The 
thrust member 98 extends centrally through the first 

20 control chamber 20 and is slidable within a bore 1 36 pro- 
vided in the housing 47. A.second, annular stop member 
138 is housed within the first control charnber 20; the. 
inner diameter of the stop member 138 being stighdy 
larger than the diameter of the thrust member 98 such 

2S that the stop member 1 38 forms a close fit around the 
thmst member 98. A compression spring 140 Is also 
housed within the first control chamber 20, the spring 
1 40 serving to bias the stop member 1 38 in an upwards 
direction against a seating 142 defined by a part of the 

30 lower end face of the housing 17. When the stop mem- 
ber 138 is in its seated position, there is a substantially 
fluid tight seal between the distance piece 17 and the 
stop member 138. As can be seen most dearly in 14,. 
the lower surface of the stop member 1 9 and the upper 

35 surface of the stop member 138 together define a first 
clearance gap 144 within the second control chamber 
23 and the lower surface of the stop member 138 and 
the housing 47 together define a second clearance gap 
146 within the first control chamber 20, the clearance 

^ gaps 144, 146 serving to limit the extent of movement, 
of the valve needle 12 away from its seating, in use, as 
will be described hereinafter. 

[0088] The second control chamber 23 is defined by 
the distance piece 1 7, part of the thmst member 98, the 

45 lower surface of the stop member 19 and a part of the 
upper surface of the stop member 138, the thnjst mem- 
ber 98 extending centrally through the second control 
chamber 23 and engaging the stop member 19. In use, 
fuel is supplied to the second control chamber 23 via a 

50 drilling 148 provided in the stop member 19, the drilling 
148 communteating with the bore 18 within which the 
stop member 19 is slidable to pennit fuel supplied 
through the passage 26 to the bore 18 to flow into the 
control chamber 23. 

55 [0087] In use, prior to the commencement of fuel in- 
jection, the valve member 29 is positioned such that It 
is seated against the first seating surface 108. Fuel sup- 
plied through the supply passage 1 5 flows into the bore 
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100 and, hence, Into the control chamber 23 via the drflt- 
tng 1 4-8. Fuel also flows Into the first control chamber 20 
through the passage 21. The nozzle body 10 and the 
valve needle 12 are appropriately dimensioned to en- 
sure that, in such circumstances, the valve needle 1 2 is 
biased In an upwards direction due to fuel pressure with- 
in the bore 11 and due to the force of the spring 96. 
[0088] In order to commence fuel injection at a rela- 
Hveiy low rate, the actuator arrangement is operated so 
as to move the armature 45 thereof in an upwards di- 
rection at a relatively high rate; thereby causing the 
valve member 29 to move away from the first seating 
surface 108 at a relatively high rate into engagement 
with the second seating surface 110. Fuel in the second 
control chamber 23 is therefore able to flow through the 
passages 40, 40a, into the chamber 39 and to low pres- 
sure. Fuel pressure within the second control chamber 
23 is therefore reduced, the passage 148 restricting the 
rate at which fuel can enter the second control chamber 
23 such that the stop member 1 9 moves in a downwards 
direction due to the force applied by fuel pressure in the 
blind end of the bore 18. The movement of the stop 
member 19 is transmitted, through the thnjst member 
98, to the valve needle 12. The rate at whtch fuel flows 
from the second control chamber 23 to low pressure is 
determined by the dimensions of the. narrow passage 
40a: 

[0089] When the stop member 19 has moved in a 
downwards direction by an amount equal to the clear- 
ance gap 144, the stop member 19 moves in abutment 
. with the upper surface of the stop member 138. As the 
valve member 29 is moved away from the first seating 
surface 108 Into engagement with the second seating 
surface 110 at a relatively high rate, fuel pressure within 
the first control chamber 20 is substantially maintained 
such that the stop member 138 remains seated against 
the seating 142. Thus, although the stop merpber 19 
moves into abutment with the stop member 138, it does 
not provide sufficient force to overcome fuel pressure in 
the first control chamber 20 and to move the stop mem- 
ber 1 38 away from the iseating 1 42. The enlarged region 
1 2b of the valve needle 12 is therefore moved away from 
its seating by a first amount such that the first outlet pas- 
sages 86, but not the second outlet passages 88. are 
exposed. 

[0090] Fuel is therefore delivered to the engine cylin- 
der through the first outlet passages 86 only and fuel 
injection occurs at a relatively low rate. 
[0091] In order to terminate fuel injection, the valve 
member 29 is moved away from the second seating sur- 
face 110 Into engagement with the first seating surface 
108 to re-establish high fuel pressure within the second 
control chamber 23, thereby causing the stop member 
19 to move in an upwards direction due to fuel pressure 
within the bore 11 acting on the thrust surfaces of the 
valve needle 12. The enlarged region 12b of the valve 
needle 12 therefore moves into engagement with its 
seating to terminate fuel delivery through the first outiet 



passages 86. 

[0092] In order to Inject fuel through both the first and 
second outlet passages 86, 88, the valve member 29 
may be operated such that it moves in an upwards di- 

5 rection away from the first seating surface 1 08 Into en- 
gagement with (he second seating surface 110 at a rel- 
atively low rate. Under such circumstances, fuel within 
the first control chamber 20 is able to escape through 
the passages 31 , 31 a, past the first seating surface 1 08 

10 and to tow pressure to cause fuel pressure within the 
first control chamber 20 to be reduced. Fuel pressure 
wittiin the second control chamber 23 is also reduced, 
as described previously, such that, as the stop member 
19 moves into engagement with the stop member 138, 

15 the stop member 1 38 is moved in a downwards direction 
away from the seating 1 42. The thrust member 98 there- 
fore moves in a downwards direction by a further 
amount, determined by the clearance gap 144 and the 
clearance gap 146, such that the enlarged region 12b 

20 of the valve needle 1 2 is moved away from its seating 
to expose both the first and second outiet passages 86, 
88. It will tiierefore be appreciated that the rate of fuel 
injection is increased. 

[0093] It will be appreciated tfrat the fuel injector in 
2S Figures 13 and 14 may also be operated in any of the 
other modes of operation described previously. For ex- 
ample, the valve member 29 may be repeatedly moved 
back and forth between the first and second seating sur- 
faces 1 08, 1 1 0 or may be maintained in an intermediate 
30 position between the first and second seating surfaces 
108, 110 to permit the fuel injection rate or other fuel 
injection characteristics of the outwardly opening injec- 
tor to be varied, in use. 

[0094] It will be appreciated that a piezoelectric actu- 
35 ator anangement or an electromagnetic acftiator ar- 
rangement may be used to control movement of the 
valve member forming part of the outwardly opening in- 
jector. 

[0095] In any of the embodiments described herein, 

40 the supply passage 15 may be provided with a restrict 
tion of relatively small diameter which is arranged to re- 
strict the rate at which fuel is supplied to the bore 11 and 
the delivery chamber 13. As a result of the presence of 
such a restriction, during fuer injection fuel pressure 

45 within the delivery chamber 13 will fall such that the 
magnitude of the force acting upon the valve needle 12 
during injection will be bwer than that present prior to 
commencement of injection. 

[0096] It will be appreciated that tiie injector may be 
50 provided witti a different number of outlet openings to 
ttiose shown in the accompanying drawings and/or may 
be provided with further sets of outiet openings occupy- 
ing different axial positions on tiie nozzle body. 

55 

Claims 

1. A fuel injector comprising a valve needle (10) slid- • 
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able within a first bore and engageable with a valve 
needle seating, a surface associated with the vah/e 
needle (10) being exposed to the fuel pressure with- 
in a first control chamber (20), movement of the 
valve needle (1 0) away from the valve needle seat- s 
ing being limited by a moveable stop member (19), 
the stop member (1 9) having a surface exposed to 
fuel pressure within a second control chamber (23), 
and a control valve arrangement for controlling the 
fuel pressure within the first and second control io 
chambers (20, 23) to control movement of the vatve 
needle and the stop member. 

2. The fuel injector as claimed in Claim 1 , wherein the 
control valve arrangement includes a valve member 
(29) having first and second seating surfaces (32, 
37; 108, 110), 

3. The fuel injector as claimed in Claim 2, wherein at 
leastone of the seating surfaces (37, 1 08) is defined 20 
by a seating member (38) located within a further 
chamber (41). 

4- The fuel injector as claimed in Claim 3, wherein the 
further chamber (41 ) is defined, at least in part, by ^-^ 
a further bore (28) within which the valve memt)er 
(29) is sfidable. 

5. The fuel injector as claimed in Claim 4, wherein at 
least one of the seating surfaces (32, 11 0) is defined 30 
by a region of the hjrther bore (28). 

6. The fuel injector as ciaimed in any of Claims 2 to 5, 
wherein the control valve an^ngement is an'anged 
such that, in use, fuel pressure within the first and 35 
second control chambers (20, 23) is controlled by 
varying the rate of movement of the valve member 
(29) away from the first seating surface (1 08). 

7. The fuel injector as claimed in Claim 6, wherein the 
control valve an'angement is arranged such that in 
use, movement of the vaive memtjer (29) at a rela- 
tively high rate causes movement of the valve nee- 
dle (10) away from the valve needle seating into a 
Urst fuel injecting position to permit fue\ delivery ^ 
through a first outlet opening (8). 

8. The fuel injector as ciaimed in Claim 7, wherein the 
control valve arrangement is an'anged such that 
movement of the valve member (29) at a relatively so 
low rate causes movement of the valve needle (10) 
away from the vaVe needle seating rnto a second 
fuel injecting position to permit fuel delivery through 

the first outlet open ing (8) and a second outlet open- 
ing (9). 55 

9. The fuel Injector as claimed in Claim 8, wherein the 
control vah/e arrangement is an'anged such that 



movement of the valve member (29) back and forth 
between the first and second seating surfaces 
causes movement of the valve needle (10) into the 
second fuel injecting position. 

10. The fuel injector as claimed \n Claim 8 or Claim 9. 
wherein the control valve arrangement is arranged 
such that movement of the valve member (29) into 
an intermediate position away from both the first 
and second seating surfaces (108, 110) permits 
movement of the valve needle (10) into the second 
fuel injecting position. 

11. The fuel injector as claimed in any of Claims 1 to 

10, wherein the control valve an'angement is ar- 
ranged to permit the rate of valve needle movement 
away from the valve needle seating to be varied, in 
use. 

12. The fuel injector as claimed in any of Claims 1. to 

1 1 , wherein the valve needle (1 0) is of the inwardly 
opening type. 

13. The fuel injector as claimed in Claim 12, wherein 
the valve needle takes the form of an outer valve 
needle (10) which is engageable with a first seating, 
to control fuel delivery through a first outlet opening 
(8), the fuel injecbr including an inner valve needle 
(14) which is slidabte within ah additional bore pro- 
vided in the outer valve needle and is engageable 
with a further seating to control fuel delivery through 
a second outlet opening (9). 

14. The fuel injector as claimed in Claim 13, wherein 
the inner valve needle (14) and the outer valve nee- 
dle (10) are arranged such that movement of the 
outer vatve needle (10) beyond a predetermined^ 
amoum transmits movement to the inner valve nee- 
dle (14) to move the inner valve needle away from 
the further seating. 

15. The fuel injector as ciaimed in any of Claims 1 to 
1 1 , wherein the vatve needle (1 0) is of the outwardly 
opening type. 

16. The fuel injector as claimed in Claim 15, wherein 
the valve needle (10) is provided with first and sec- 
ond axiatly spaced outlet passages (86, 88) and 
Whereby, in use, movement of the valve needle (10) 
outwardly within the first bore by a first amount 
causes fuel to be delivered through only the first out- 
tet passage (86) and movement of the vaive needle 
(10) outwardly within the first bore by a further 
amount causes fuel to be delivered through both the 
first and second outlet passages (84, 86). 

17. The fuel injector as claimed in Claim 16, further 
comprising a second movable stop member (138), 
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a surface of which Is exposed to fuel pressure within 
the first control chamber (20). 

18. The fuel injector as claimed In Claim 17, wherein 
the second stop member (138) is engageahle with 
a seating (142) to limit movement of the stop mem- 
ber (19). 

19. The fuel injector as claimed In Claim 18, wherein 
the stop member (19) is provided with a restricted 
passage (148) which serves to limit Che rate of flow 
of fuel into the second control chamber (23). 

20. The fuel injector as claimed in any of Claims 2 to 
1 9, wherein movement of the valve member (29) is 
controlled, in use, by means of an electromagnetic 
actuator arrangement 

21. The fuel injector as claimed in any of Claims 2 to 
19, wherein movement of the vaive member (29) is 
controlled, in use, by means of a piezoelectric ac- 
tuator arrangement. 

22. Tbe fuel injector as claimed in Claim 21 , wherein 
the valve arrangement includes first and second 
valve members (29, 35), the second valve member 
(35) being siidable upon a part of the first vaive 
member (29) and engageable with a second seating 
surface (37) to control communication between the 
second control chamber (23) and the low pressure 
reservoir. 

23. The fuel injector as claimed in Claim 22, wherein 
the first valve member (29) cames a sleeve member 
(42) which is engageable with, a surface of the sec- 
ond valve member (35) upon movement of the first 
valve member (29) beyond a predetermined 
amount, so as to transmit a force to the second 
valve member (35) to cause movement thereof.' 

24. The fuel injector as claimed in Claim 22 or Claim 

23, wherein the second seating surface (37) is de- 
fined by a seating member (38) arranged within a 
chamber defined, at least in part, by ttie further bore 
(28). 

25. The fuel injector as claimed in any of Claims 22 to 

24, wherein the valve arrangement includes a com- 
mon actuator arranged to control the fuel pressures 
within the first and second control chambers (20, 
23). 

26. The fuel injector as claimed in any of Claims 22 to 
24, wherein the valve arrangement includes first 
and second separate actuators (43a, 43b) arranged 
to control fuel pressure within the first and second 
control chambers (20,23) respiactively. 



27. The fuel injector as claimed in Claim 26, wherein 
the valve arrangement Includes a first valve mem- 
ber (293), movement of which is controlled, in use, 
by means of the first actuator (43a), and a second 

5 valve member (29b ), movement of which is control- 
led, in use. by means of the second actuator (4^. 

28. The fuel injector as claimed In any of Claims 25 to 
27, wherein the or each actuator (43; 4^, 43b) is 

10 an electromagnetic actuator. 

29. The fuel injector as claimed in any of Claims 25 to 
27. wherein, the or each actuator Is a pjezoelectnc 
actuator. 

15 

30. The fuel injector as claimed . in Claim 29, further 
comprising a damping piston arrangement associ- 
ated with the or each actuator. 

20 31. The fuel injector as claimed In any of Claims 1 to 
30, wherein the bore (11 ) defines, in part, a delivery 
chamber (1 3) forfuel, the in jector further comprising ' 
a restriction (16) to restrict, the rate at which fuel Is 
supplied to the delivery chamber (13), in use. 

25 

32. The fuel injector as claimed in any of Claims 1. to 
31 ..further comprising a piston member (46) having 
a surface exposed to fuel pressure within the first 
control chamber (20). 

30 

33, The fuel injector as claimed in Claim 32, wherein 
the piston member (46) has a diameter greater than 
the diameter of the valve needle (10). 

35 34^ The fuel injector as claimed in Claim 33, further 
comprising an intermediate chamber (48) defined, 
at least in part, by the piston member (46) and the 
valve needle (10), the volume of the chamber (48) 
varying, In use, depending upon the position of. the 

40 valve needle (10). 

35. The fuel injector as claimed in Claim. 34, further 
comprising means (49) for venting the intermediate 
chamber (48) to low pressure. 

45 

36. A fuel injector comprising a valve needle (10) siid- 
able within a first bore (11) and engageable with a 
valve needle seating to control fuel deliver/ through 
an outlet opening, a surface associated with the 

50 valve needle (10) being exposed to the fuel pres- 
sure within a control chamber (20), and a control 
valve arrangement for controlling the fuel pressure 
within the control chamber (20) to control move- 
ment of the valve needle (10). the control valve ar- 

55 rangement being arranged to permit the rate of 
valve needle movement away from the valve needle 
seating to be varied, in use. 
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37. The hsei in/ector as claimed in Claim 36, wherein 
the control chamber (20) has, associated therewith, 
first and second passage means (31. 31a. 132) tor 
permitting fuel to escape from the control chamber 
(20). 5 

38. The fuel injector as claimed in Claim 37 wherein the 
controi vaive arrangement is arranged to operate in 
either a first mode of operation, in which the rate of 
vaive needle movement away from the vaive needle io 
seating is governed by the dimensions of the first 
passage means (31 , 31 a), or a second mode of op- 
eration, in which the rate of valve needle movement 
away from the valve needle seating is governed by 

the dimensions of the second passage means 
(132). 

39. The fuel injector as claimed in any of Claims 36 to 
38 wherein the valve needle (1 0) is of the inwardly 
opening type. : — - 20 

40. The fuel injector as claimed in any of Claims 36 to 
38 wherein the valve needle (1 0) is of the outwardly 
opening type. 

25 

41 . A fuel injector arrangement comprising a plurality of 
fuel injectors (50) as claimed in any of Claims 1 to 
5, a first rail (51) for delivering pressurised fliei to 
the injectors (50), a second rail (52) communicating 
with the second control chamber of each of the in- 3a 
lectors (50) and a valve arrangement (53) for con- 
trolling communication between the second rail (52) 
and a tow pressure fuel reservoir. 

42. The fuel injector arrangement as claimed in Claim ss 
41, further comprising a restricted flow passage 
(54.) between the first and second rails (51 . 52). 
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